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(57) ABSTRACT

GPS navigation devices or GPS receivers can consume less
power by using a temperature recorder circuit and/or a power
manager in calculating the accuracies of the GPS system time
and reference frequency to improve battery life. A represen-
tative receiver includes a time reference device that generates
data associated with a GPS system time, and a temperature
recorder circuit that operates using the generated data from
the time reference device and monitors the temperature of the
time reference device while the receiver hibernates. The
receiver further includes memory including a power manager
that has instructions, which are processed by a processing
device after the receiver wakes up. The instructions associ-
ated with the power manager include determining if the tem-
perature recorder circuit sent a wake-up signal, reading data
from the temperature recorder circuit, and adjusting param-
eters associated with at least one of the following: the time
reference device and the temperature recorder circuit.

20 Claims, 10 Drawing Sheets
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1
SYSTEMS AND METHODS FOR MANAGING
POWER CONSUMPTION

TECHNICAL FIELD

The present disclosure is generally related to global posi-
tioning system (GPS) technology and, more particularly, is
related to systems and methods for managing power con-
sumption.

BACKGROUND

Today, it is important to consumers that portable devices
have a long battery life. Many portable devices include GPS
receivers that enable the consumers to navigate from one
place to another. GPS acquisition performance is typically
limited by four items of information:

a) The accuracy of a reference frequency on a GPS receiver

b) The accuracy of the GPS receiver time relative to GPS

system time

¢) Availability of currently valid Ephemeris information

(high precision satellite orbital parameters.)

d) The accuracy of an initial position estimate of the GPS

receiver

GPS navigation devices consume a fair amount of power to
realize high speed GPS acquisition performance, resulting in
shorter battery life for GPS devices. Currently, the available
techniques for improving the above items a) and b) are limited
with respect to power consumption.

For example, the reference frequency often comes from a
temperature compensated crystal oscillator (TCXO) in most
GPS receivers. The TCXO typically runs when the GPS
receiver is running and not when the GPS receiver hibernates
because the TCXO can use too much power if it is left always
on. It is a much more accurate frequency reference than areal
time clock (RTC) crystal oscillator. But since the TCXO
cannot be left always on, the TCXO cannot be used for a time
reference, because when the power is off, a time counter using
that reference frequency would stop. The RTC crystal oscil-
lator is typically used as a time reference for the above rea-
sons, among others.

Currently, the accuracy of time from the RTC crystal oscil-
lator is typically limited by unknown frequency excursions,
among other factors. Such unknown frequency excursions are
typically dominated by temperature changes at the RTC crys-
tal oscillator, during the time when the RTC crystal oscillator
cannot otherwise be calibrated to a more accurate time refer-
ence because the GPS is shut off (in hibernate mode) to save
battery power. If an external source of time is available, such
as from a radio network, then the time accuracy is limited to
the accuracy of the network source. Sometimes the network
time is not available, or not very accurate for the purpose of
this application.

The knowledge of the reference frequency is typically lim-
ited by the accuracy and environmental (temperature) stabil-
ity of the reference TCXO. Frequency can also be derived
from some network radio receivers, but this may not be quick,
easy to implement, accurate, or even available.

SUMMARY

GPS navigation devices or GPS receivers can consume less
power by using a temperature recorder circuit and/or a power
manager in calculating the accuracies of the GPS receiver
time and reference frequency to improve battery life. A rep-
resentative receiver includes a time reference device that gen-
erates data associated with a GPS receiver time, and a tem-
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2

perature recorder circuit that operates using the generated
data from the time reference device and monitors the tem-
perature of the time reference device while the receiver hiber-
nates. The receiver further includes memory including a
power manager that has instructions, which are processed by
a processing device after the receiver wakes up. The instruc-
tions associated with the power manager include determining
if the temperature recorder circuit sent a wake-up signal,
reading data from the temperature recorder circuit, and
adjusting parameters associated with at least one of the fol-
lowing: the time reference device and the temperature
recorder circuit.

Other systems, devices, methods, features of the invention
will be or will become apparent to one skilled in the art upon
examination of the following figures and detailed description.
It is intended that all such systems, methods, features be
included within the scope of the invention, and be protected
by the accompanying claims.

BRIEF DESCRIPTION

Many aspects of the disclosure can be better understood
with reference to the following drawings. The components in
the drawings are not necessarily to scale, emphasis instead
being placed upon clearly illustrating the principles of the
present disclosure. Moreover, in the drawings, the reference
numerals designate corresponding parts throughout the sev-
eral views. While several embodiments are described in con-
nection with these drawings, there is no intent to limit the
disclosure to the embodiment or embodiments disclosed
herein. On the contrary, the intent is to cover all alternatives,
modifications, and equivalents.

FIG. 1is a block diagram that illustrates a system having a
global positioning system (GPS) navigation device that
improves accuracies of the GPS receiver time and the refer-
ence frequency while conserving power consumption using a
temperature recorder circuit and a power manager;

FIG. 2 is a high-level block diagram that illustrates an
embodiment of a navigation device, such as that shown in
FIG. 1,

FIG. 3 is ablock diagram that illustrates an embodiment of
a GPS signal processing system, such as that shown in FIG. 2,
which includes a temperature recorder circuit and a power
manager;

FIG. 4 is a more detailed block diagram that illustrates an
embodiment of a temperature recorder circuit, such as that
shown in FIG. 3;

FIG. 5 is a high-level flow diagram that illustrates an
embodiment of the architecture, functionality, and/or opera-
tion of the navigation device 115, such as that shown in FIG.
1, which that manages its power consumption using a tem-
perature recorder circuit and a power manager;

FIG. 6 is a flow diagram that illustrates an embodiment of
the architecture, functionality, and/or operation of a power
manager, such as that shown in FIGS. 3 and 4, for adjusting
parameters and values of a GPS navigation device, such as
that shown in step 540 of FIG. 5; and

FIG. 7 is a flowchart that illustrates an embodiment of the
architecture, functionality, and/or operation of a power man-
ager, such as that shown in FIGS. 3 and 4, for managing the
power consumption of the navigation device based on the
recorded real time clock (RTC) counter time tagged tempera-
tures, such as that shown in step 670 of FIG. 6;

FIG. 8 is a flow diagram that illustrates an embodiment of
the architecture, functionality, and/or operation of a power
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manager, such as that shown in FIGS. 3 and 4, for managing
the power consumption of the navigation device, such as that
shown in step 660 of FIG. 6;

FIG. 9 is a flow diagram that illustrates an embodiment of
the architecture, functionality and/or operation of a power
manager, such as that shown in FIGS. 3 and 4, for managing
the power consumption of the navigation device, such as that
shown in step 650 of FIG. 6; and

FIG. 10 is a flow diagram that illustrates an embodiment of
the architecture, functionality, and/or operation of a power
manager, such as that shown in FIGS. 3 and 4, for managing
power consumption of a navigation device, such as that
shown in step 640 of FIG. 6.

DETAILED DESCRIPTION

Exemplary systems are first discussed with reference to the
figures. Although these systems are described in detail, they
are provided for purposes of illustration only and various
modifications are feasible. After the exemplary systems are
described, examples of flow diagrams of the systems are
provided to explain the manner in which the uncertainties of
local estimates of receiver time and frequency are reduced
using GPS measurements and frequency and time calibra-
tions based on GPS measurements and navigation solutions.

FIG. 1 is a block diagram that illustrates a system 100
having a global positioning system (GPS) navigation device
115 that improves accuracies of the GPS receiver time and the
reference frequency while conserving power consumption
using a temperature recorder circuit 310 (FIG. 3) and a power
manager 330 (FIG. 3). A simple system 100 includes a plu-
rality of signal sources 105, 110, 113, 114 and a navigation
device 115. Alternatively or additionally, a more complex
system 100, such as an assisted global positioning system
(AGPS), further comprises a base station 120 and a server
125. Although only one navigation device 115, one base
station 120, and one server 125 are shown in the system 100,
the system 100 can include multiple navigation devices, mul-
tiple base stations and/or multiple servers. Alternatively or
additionally, the server 125 may be co-located with the base
station 120 (e.g., Server Generated Extended Ephemeris) or
with the navigation device 115 (e.g., Client Generated
Extended Ephemeris).

The signal sources 105, 110, 113, 114 include GPS satel-
lites (also known as space vehicles), among others. The signal
sources 105, 110, 113, 114 generally orbit above the location
of the navigation devices 115 at any given time. The naviga-
tion devices 115 include, but are not limited to, GPS receivers
130, cell phones with embedded signal receivers, and per-
sonal digital assistants (PDAs) with embedded signal receiv-
ers, among others. The navigation devices 115 further
includes a temperature recorder circuit 310 and a power man-
ager 330, both of which are described further in relation to
FIGS. 3-5 and FIGS. 3-10, respectively. The signal sources
105, 110, 113, 114 transmit signals to the navigation devices
115, which use the signals to determine the location, speed,
heading and time of the navigation devices 115.

Inan AGPS system, a GPS assistance server 125 assists the
navigation devices 115, such as a Mobile Station (MS) client
(e.g., a cellular phone) in obtaining a position fix on the
client’s position. In one embodiment of the AGPS, the MS
client 115 sends GPS measurements to the GPS server 125,
which then calculates the client’s position. For an accurate
3-D position fix the MS client 115 generally receives signals
from four satellites 105, 110, 113, 114.

FIG. 2 is a high-level block diagram that illustrates an
embodiment of a navigation device 115, such as that shown in
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FIG. 1. The navigation device 115 includes, but is not limited
to, sensor(s) 205, a GPS signal processing system 210, and a
user interface 215. It should be noted that some sensors 205
may not be included in some navigation devices 115. The
sensor 205 can include, but is not limited to, temperature
sensors 305 (FIG. 3) and inertial sensors that include, for
example, micro-electromechanical system (MEMS) sensors,
among others.

The GPS signal processing system 210 can compute posi-
tion fixes using a current working hypothesis of a location
based on prior navigation. The GPS signal processing system
210 obtains at least one GPS range measurement. With at
least one range measurement, a timing receiver can update the
GPS receiver time and frequency, based on the position
hypothesis. If the current position hypothesis is not available,
the GPS signal processing system 210 uses at least three (3)
and possibly more satellite acquisitions and range measure-
ments to calculate the position fix.

The GPS signal processing system 210 can include, but is
not limited to, a GPS receiver 130, a temperature recorder
circuit 310 (FIG. 3) and a power manager 330 (FIG. 3),
among others. In general, the GPS receiver 130 is capable of
computing position fixes. The GPS receiver 130 can be
designed to electrically couple to the temperature recorder
circuit 310 and the power manager 330, both of which facili-
tates improving the accuracy of the GPS receiver time and
reference frequency while conserving power consumption.
The temperature recorder circuit 310 and the power manager
330 are further described in relation to FIG. 3.

FIG. 3 is ablock diagram that illustrates an embodiment of
a GPS signal processing system 210, such as that shown in
FIG. 2, which includes a temperature recorder circuit 310 and
a power manager 330. In this example, the GPS signal pro-
cessing system 210 includes a GPS receiver 130 having
memory 325 that contains the power manager 330 and a GPS
receiver processing device 335 that executes the power man-
ager 330. The GPS receiver 130 is electrically coupled to the
temperature recorder circuit 310, time reference device 340,
frequency reference device 350, and sequencer 360, among
others.

The time reference device 340 and temperature recorder
circuit 310 operate regardless of whether or not the navigation
device 115 hibernates. The time reference device 340 gener-
ates clock signals while and the temperature recorder circuit
310 receives and operates using the clock signals from the
time reference device 340. The temperature recorder circuit
310 is designed to send a wake-up signal to the GPS signal
processing system 210, the frequency reference device 350,
and other electrical components of the GPS receiver 130 to
wake up the GPS receiver 130.

The temperature recorder circuit 310 includes a tempera-
ture sensor 305 that senses the temperature of the time refer-
ence device 340 and/or a frequency reference device 350 and
generates data associated with a temperature change of the
time reference device 340 or the frequency reference device
350. In this example, the time reference device 340 and the
frequency reference device 350 are shown to be implemented
as physically separate devices from the GPS receiver 130, and
separate from each other. However, one skilled in the art
would appreciate the various combinations of having separate
devices or combined devices for the time reference device
340, the frequency reference device 350, and GPS receiver
130.

The temperature sensor 305 can be located, for example, a)
on the GPS receiver silicon die 130, b) external to the GPS
receiver silicon die 130 on the frequency reference device
350, ¢) external to the GPS receiver silicon die 130 on the time



US 9,322,925 B2

5

reference device 340, and d) internal to the temperature
recorder circuit 310. It should be noted that although the
figures show one temperature sensor 305, one skilled in the art
would appreciate using more than one temperature sensors
305 onvarious electrical components of the navigation device
115. For example, two temperature sensors 305 can be
located external to the GPS receiver silicon die 130 each on
the frequency reference device 350 and on the time reference
device 340. The temperature recorder circuit 310 can measure
and store the outputs of one of the two temperature sensors
305, or both.

The processing device 335, such as a microprocessor, is
coupled to the memory 325 having the power manager 330.
The receiver processing device 335 is designed to wake up
after receiving the wake-up signal from the temperature
recorder circuit 310 and execute instructions associated with
the power manager 330. The instructions associated with the
power manager 330 include, for example, determining if the
temperature recorder circuit 310 sent a wake-up signal and
reading the data from the temperature recorder circuit 310.
Based on the read data, the power manager 330 adjusts at least
one of the following: the time reference device 340, the fre-
quency reference device 350 and the temperature recorder
circuit 310, to improve accuracy of the GPS receiver time and
reference frequency, and change operation(s) of the tempera-
ture recorder circuit 310. Operations of the power manager
330 are further described in FIGS. 4-10.

A sequencer 360 turns on the GPS receiver 130 based on
the wake-up signal from the temperature recorder circuit 310.
The sequencer 360 can continuously operate regardless of
whether the GPS receiver 130 or navigation device 115 hiber-
nates, similar to the temperature recorder circuit 310 and time
reference device 340. The sequencer 360 is adjustable and
receives configuration parameters from the memory 325 via
the power manager 330 and the processing device 335, when
the GPS Receiver is awake.

FIG. 4 is a more detailed block diagram that illustrates an
embodiment of a temperature recorder circuit 310, such as
that shown in FIG. 3. The temperature recorder circuit 310
includes an analog section 405 and a digital section 413. The
analog section 405 includes a temperature sensor 305 that is
coupled to an analog-to-digital converter (ADC) 450. The
temperature sensor 305 senses the temperature of the time
reference device 340 or the frequency reference device 350
and generates data associated with a temperature change of
the time reference device 340 or the frequency reference
device 350 at line 480. The ADC 450 receives the generated
data at line 480 from the temperature sensor 305 and converts
the data from analog signals to digital signals at line 485.

The temperature sensor 305 can be located on the time and
frequency reference devices 340, 350, or in close proximity to
the time and frequency reference devices 340, 350 so that the
temperature sensor 305 can accurately measure the tempera-
ture of the time and frequency reference devices 340, 350.
Alternatively there may be two temperature sensors 305 each
to measure the time reference device 340 and the frequency
reference device 350, using either two ADC’s or one ADC
with multiplexed input. The temperature sensor 305 and ADC
450 can be designed to measure the temperature of the time
and frequency reference devices 340, 350 at an update rate,
regardless of whether the system is operating or hibernating.

The ADC 450 can be coupled to a switched differential
proportional to absolute temperature (PTAT) voltage refer-
ence 447 that is designed to be bypassed with switches and
fed a constant voltage to the ADC 450. The switched PTAT
voltage reference 447 stores the result in memory 440 with a
point of pure reference curvature at the applied temperature to
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correct an N”, e.g. 2"/, order dependence of the switched
PTAT voltage reference 447. Alternatively or additionally, the
switched PTAT voltage reference 447 is further designed to
switch back in and subtract a resulting conversion from the
earlier stored code. The switched PTAT voltage reference 447
can repeat the subtraction each time without having to re-
compute the pure reference curvature.

A control generator 420 receives clock signals at line 475
from the time reference device 340 and can change a mea-
surement rate of the temperature sensor 305 at line 470 based
on the clock signal 475. A time counter 430 also receives the
clock signals at line 475 from the time reference device 340
and generates data associated with the GPS receiver time at
line 490. The memory 440 of the temperature recorder circuit
310 receives and stores, for example, the GPS receiver time
from the time counter 430 at line 490 and sensed temperature
data from the ADC 450 at line 485.

A hysteresis circuit 445 receives real-time data associated
with the temperature from the ADC 450 at line 485, compares
it with the most recent previous temperature sent to memory
440, and determines whether the memory 440 stores the
real-time data at line 485. The hysteresis circuit 445 can
instruct the memory 440 at line 495 to store the real-time data
at line 485 based on the temperature change. Alternatively or
additionally, the hysteresis circuit 445 can be designed to
reduce the instances in which electrical circuit noise causes a
memory access, rather than a real temperature change. Addi-
tionally, the hysteresis circuit 445 is designed to receive a
hysteresis threshold, at line 497, from the register and bus
interface 415. The hysteresis circuit 445 is further designed to
store the current temperature value in memory 440, respon-
sive to any change in temperature exceeding the hysteresis
threshold. Storage event can be programmed to cause
memory 440 to signal register and bus interface 415 which
then executes an interrupt to the GPS receiver 130 if the GPS
receiver 130 is powered on or sequencer 360 if the GPS
receiver 130 is in hibernate mode.

The time value from the time counter 430 at line 490 is
stored in memory 440 to be associated with the stored tem-
perature or implied temperature change. The registers and bus
interface 415 receives data from the memory 440 of the tem-
perature recorder circuit 310 or First in First out (FIFO)
implemented in memory 440 at line 493.

The registers and bus interface 415 can receive wake up
signals from the hysteresis circuit 445 or the memory 440,
and send an interrupt signal 460 onward to the GPS receiver
130, based on at least one of the following data: hysteresis
threshold exceeded in the hysteresis circuit 445, FIFO pro-
grammable fill level being exceeded in memory 440, the
memory 440 being full, sensed temperature, data associated
with the GPS receiver time, or temperature change. The pro-
cessing device 335 generally has access through the memory
440 of the temperature recorder circuit 310 to the receiver
time and temperature that caused the event. Alternatively or
addition, if the option for receiver time alone is meant to
imply a wake alarm from the time reference device 340, the
GPS receiver 130 can be configured to be able to distinguish
the time alarm, so that appropriate action can be taken.

Alternatively or additionally, the FIFO fill depth can be set
by a processing device 335 so that the wake-up signal can be
sent before memory 440 is actually full. As such, the tem-
perature recorder circuit 310 can wake up the GPS receiver
130 or navigation device 115 at or before a certain tempera-
ture change has occurred. The temperature change may be
less, but not more than the temperature change implied by the
fill level. If the FIFO uses the memory 440 with write and read
pointers, then the FIFO generally triggers the empty signal or
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the full signal when a read pointer points to a write pointer
address or the write pointer points to the read pointer address,
respectively.

The registers and bus interface 415 communicates configu-
ration commands and/or data between the memory 325 and
the processing device 335. The registers and bus interface 415
facilitates initialization of the temperature recorder circuit
310 by, for example, sending initialization data at line 487 to
the control generator 420. The initialization data includes, but
is not limited to, control enable instruction, warm-up period
instruction, and temperature recorder circuit 310 enable
instruction, among others. It should be noted that a tempera-
ture recorder circuit 310 that has a fixed and unchangeable
configuration may not need any initialization.

In this example, the processing device 335 of the GPS
receiver 130 communicates with the temperature recorder
circuit 310 using the interface bus at line 455. The processing
device 335 of the GPS receiver 130 is electrically coupled to
the time reference device 340 to receive the clock signals at
line 499. The clock signal at line 475 runs the time counter
430 that has stored receiver time while the navigation system
115 was off. This receiver time is the local estimate of GPS
system time and is used to initialize the receiver timing to
allow more rapid acquisition of GPS signals. Once acquired,
the GPS signals are used to make pseudo-range measure-
ments (e.g., range measurements biased by the error in the
local receiver time relative to true GPS system time) from the
GPS receiver 130 to the several satellites 105, 110, 113, 114.
These measurements are then used to calculate the position
and time error by the processing device 335 at the GPS
receiver 130. It should be noted that the temperature recorder
circuit 310 can be coupled with any electrical components of
the GPS receiver 130 or navigation device 115 and can wake
up the GPS receiver 130 or other devices.

FIG. 5 is a flow diagram that illustrates an embodiment of
the architecture, functionality, and/or operation of the navi-
gation device 115, such as that shown in FIG. 1, which man-
ages its power consumption using a temperature recorder
circuit 310 and a power manager. Beginning with steps 510
and 520, the navigation device 115 initializes the electrical
components of the navigation device 115 and can be config-
ured to hibernate as the temperature recorder circuit 310 and
time reference device 340 operates. In step 530, the tempera-
ture recorder circuit 310 sends a wake-up signal to some
electrical components of the navigation device 115, waking
up the electrical components. In step 530 and 540, the power
manager 330 receives the wake-up signal and other data from
the temperature recorder circuit 310 and adjusts parameters
and values associated with some electrical components of the
navigation device 115 based on the received wake-up signal
and data. The electrical components can include, but are not
limited to, the time reference device 340, the frequency ref-
erence device 350 and the temperature recorder circuit 310.

FIG. 6 is a flow diagram that illustrates an embodiment of
the architecture, functionality, and/or operation of a power
manager 330, such as that shown in FIGS. 3 and 4, for adjust-
ing parameters and values of a GPS navigation device 115,
such as that shown in step 540 of FIG. 5. Beginning with step
610, the power manager 330 determines whether a wake-up
signal was sent, and if not, the navigation device 115 contin-
ues to hibernate as the temperature recorder circuit 310 oper-
ates, such as that shown in step 520 of FIG. 5. If the power
manager 330 determines that the wake-up signal was sent, the
power manager 330, at step 620, determines the mode of
operation that manages the power consumption of the navi-
gation device 115. The power consumption mode of opera-
tion is determined based on current estimate of uncertainty in
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position, time, frequency and ephemeris validity, where time
is generally the dominate variable, since time is by far the
most perishable of the quantities. The mode of operation is
also based on determining the lowest power path with the
longest possible hibernation of the navigation device 115
until wake up.

If the power manager 330 determines that the mode of
operation is based on GPS signal capture, the power manager
330, at step 630, determines whether to manage the power
consumption of the navigation device 115 based on GPS
continuous capture, or based on GPS signal snapshot capture,
which are indicated in steps 640 and 650, respectively. At step
620, the power manager 330 further determines whether to
manage the power consumption of the navigation device 115
based on a TXCO frequency versus temperature calibration
table, or based on recorded RTC counter time tagged tem-
peratures, which are indicated at steps 660 and 670, respec-
tively. Steps 640, 650, 660, and 670 are further description in
FIGS. 10, 9, 8 and 7, respectively.

FIG. 7 is a flowchart that illustrates an embodiment of the
architecture, functionality, and/or operation of a power man-
ager 330, such as that shown in FIGS. 3 and 4, for managing
the power consumption of the navigation device 115 based on
the recorded RTC counter time tagged temperatures, such as
that shown in step 670 of FIG. 6. Beginning with step 710, the
power manager 330 reads data from the temperature recorder
circuit 310. At steps 720 and 730, the power manager 330
obtains the next RTC time interval from the temperature
recorder time tags and corrects the RTC time using start/end
temperatures of interval, respectively.

At step 740, the power manager 330 determines whether to
obtain more temperature recorder data, and if so, repeat steps
720 and 730. If the power manager 330 determines that suf-
ficient data was obtained, the power manager 330, at steps
750 and 760, updates uncertainty of the RTC time and deter-
mines the next mode based on uncertainty, respectively. At
steps 770 and 780, the power manager 330 sets the wake
criteria for temperature and time, and sets the temperature
recorder FIFO fill alarm level, respectively. At step 790, the
power manager 330 sets the RTC alarm time and goes to step
610 of FIG. 6.

Step 670 takes full advantage of the ability of the tempera-
ture recorder circuit 310 to record RTC counter time tagged
temperatures over an extended time, for example, several
minutes. In order to use step 670, the power manager 330
calibrates the RTC oscillator frequency versus temperature.
Then, when the wake event occurs, generally due to the FIFO
in the temperature recorder circuit 310 having reached a
programmed fill point, the number of measurements spans
some number of time segments between these measurement
points. For each RTC time segment defined by adjacent time
tagged temperatures, the power manager 330 can estimate the
accumulated error in the RTC time due to the temperature
change by using the RTC frequency versus temperature cali-
bration table. Thus, segment by segment, the power manager
330 can correct the current RTC time.

One of the advantages, among others, of step 670 is the
infrequent wake intervals that allow correcting the elapsed
RTC time as a batch of corrections. In this case, the TCXO or
ratio counter generally does not turn on. Only the processing
device 335 is run and the corrections can be calculated in, for
example, some few hundred micro seconds at very low
expended average power.

Another disadvantage, among others, of step 670 is that the
RTC frequency versus temperature curve is a parabolic shape.
Near room temperature this curve is quite flat in shape, but at
temperature extremes, either hot of cold, the curve is quite
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steep. Thus, at the temperature extremes the calibration is
sensitive to temperature and not as precise as the calibration
method in step 660, which will further be described in related
to FIG. 8. Hence, depending on absolute temperature, the
power manager 330 may prefer to program either step 660 or
step 670 as the next wake mode.

FIG. 8 is a flow diagram that illustrates an embodiment of
the architecture, functionality, and/or operation of a power
manager 330, such as that shown in FIGS. 3 and 4, for man-
aging the power consumption of the navigation device 115,
such as that shown in step 660 of FIG. 6. Beginning with steps
805 and 810, the power manager 330 begins the RTC/TCXO
ratio measurement and reads data from the temperature
recorder circuit 310, respectively.

Atsteps 815 and 820, the power manager 330 usesa TCXO
model at current temperature to obtain the TCXO frequency
and waits to finish the ratio measurement, respectively. Once
the power manager 330 finishes the ratio measurement, the
power manager 330, at step 825, uses the ratio measurement
and TCXO frequency to estimate the RTC frequency. At steps
830 and 835, the power manager 330 uses the current and
prior RTC frequencies to correct elapsed RTC time, and uses
current RTC frequency and current temperature to update an
RTC frequency versus temperature model, respectively. The
power manager 330 then goes to step 750 of FIG. 7 to com-
plete the power management process of step 660 of FIG. 6.

Step 660 is a path that uses lower power than step 650,
which will further be described in related to FIG. 9. In this
case, the TCXO frequency versus temperature calibration
table is used to calibrate the RTC frequency via the circuit that
measures the ratio between RTC and TCXO frequency. Given
this RTC frequency estimate and the prior estimate from the
previous wake event, the power manager 330 can scale the
elapsed RTC time to correct its current value relative to GPS
system time.

In step 660, the power manager 330 can run the TCXO, the
RTC, the ratio measurement circuits and the system process-
ing device 335 (FIG. 3), and hibernate the rest of the electrical
components of the navigation device 115. Further, the pro-
cessing device 335 (FIG. 30) generally operates at a very low
duty cycle during the wake event. The wake event in this case
is generally a change in the temperature sensed by the tem-
perature recorder circuit 310. The change in temperature
sensed can be a single recorded temperature with a change of,
for example, one LSB of the sensor A/D. If the sensed tem-
perature is very stable, the wake events may be spaced quite
far apart in time. Whereas if the temperature is changing
rapidly, the wake up events may occur as often as, for
example, once per second.

FIG. 9 is a flow diagram that illustrates an embodiment of
the architecture, functionality and/or operation of a power
manager 330, such as that shown in FIGS. 3 and 4, for man-
aging the power consumption of the navigation device 115,
such as that shown in step 650 of FIG. 6. Beginning with steps
905 and 910, the power manager 330 begins the RTC/TCXO
ratio measurement and begins the GPS signal snapshot cap-
ture, respectively. At steps 915 and 920, the power manager
330 reads data from the temperature recorder circuit 310, and
uses a TCXO model at current temperature to obtain the
TCXO frequency, respectively.

Atstep 925, the power manager 330 waits to finish the ratio
measurement, and once done, at steps 930 and 940, the power
manager 330 uses the ratio measurement and TCXO fre-
quency to estimate the RTC frequency, and uses the TCXO
frequency and corrected RTC time to set up the GPS searches,
respectively. At steps 950 and 955, the power manager 330
waits to finish the GPS signal capture, and once done,
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executes the GPS satellite search and measurement, respec-
tively. At step 960, the power manager 330 determines the
number of GPS measurements. If there is no GPS measure-
ment, the power manager 330 goes to step 835 of FIG. 8. Ifthe
number of measurement is greater than zero but there is a bad
position dilution of precision (PDOP), the power manager
330, at step 975, solves for the GPS time only. If the number
of measurements has good PDOP, the power manager 330, at
steps 965 and 970, solves for the GPS time and position, and
saves the time and position updates, respectively.

At steps 980 and 985, the power manager 330 uses the GPS
navigation solution time to correct the RTC time and uses the
GPS navigation solution frequency to correct TCXO fre-
quency, respectively. At steps 990 and 995, the power man-
ager 330 uses the TCXO frequency to correct the RTC fre-
quency and updates the TCXO and RTC frequency models at
the current temperature, respectively. The power manager
330 then goes to step 750 of FIG. 7 to complete the power
consumption management process of step 650 of FIG. 6. It
should be noted that step 650 operates at far lower power (e.g.,
about 50x lower) than continuous mode in step 640, which
will further be described in relation to FIG. 10. Step 640
captures GPS RF samples for a short time, e.g., on the order
ot 100 ms, rather than continuously for 18 seconds as in step
640. The navigation device 115 then attempts to detect GSP
signals in these samples and make range measurements to the
satellites detected. Step 650 may provide from O to several
range measurements to the various satellites 105, 110, 113,
114 currently above the horizon at the receiver location.

Under good conditions, there may be enough satellites 105,
110, 113, 114 providing good geometry (e.g., so-called
PDOP<10) that the GPS navigation equations can be solved
for position and time. This provides the highest quality oppor-
tunity to calibrate TCXO and RTC frequencies at the current
temperature, correct the RTC time to GPS accuracy, and
update the position. However, step 650 can address very
difficult environments such as deep indoor locations, where
there may be few, if any, measurements possible.

If at least one measurement can be made, the navigation
device 115 can solve the GPS navigation equations by assum-
ing that the navigation device 115 is stationary (a good
approximation when indoors) and update the GPS time. That
is with one measurement the power manager 330 can solve
for one unknown, the GPS time. If there are no GPS measure-
ments possible, the power manager 330 can use the existing
TCXO calibration table or model to correct RTC time in order
to preserve low RTC time uncertainty as long as possible.

Step 650, while using lower power than step 640, is gen-
erally used sparingly. For example, the wake interval is at
least 60 seconds between the wake events which last only
200-300 ms.

FIG. 10 is a flow diagram that illustrates an embodiment of
the architecture, functionality, and/or operation of a power
manager 330, such as that shown in FIGS. 3 and 4, for man-
aging power consumption of a navigation device 115, such as
that shown in step 640 of FIG. 6. Beginning with steps 1010
and 1015, the power manager 330 begins the RTC/TCXO of
measurement and begins the GPS signal continuous capture,
respectively. At steps 1020 and 1025, the power manager 330
reads the data from the temperature recorder circuit 310 and
uses a TCXO model at current temperature to obtain the
TCXO frequency, respectively.

At steps 1030 and 1035, the power manager 330 starts the
GPS acquisition and tracking, and determines whether the
correct time to begin collecting relevant GPS navigation data
has arrived, respectively. If the proper time to collect the
relevant GPS navigation data has not yet arrived, the power
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manager 330 continues to repeat step 1015. If the correct time
to collect the relevant navigation data has arrived, the power
manager 330, at step 1040, determines the track status of the
satellites for collecting the relevant GPS navigation data; e.g.,
satellites 105, 110, 113, 114. If the tracking fails for the
tracked satellites due to, e.g., low power or loss of signal, then
the power manager 330 goes to step 750 of FIG. 7 to avoid
wasting power when successful data collection is not pos-
sible. If the track status is determined to be good, the power
manager 330 at step 1045 determines if satellite range mea-
surement time has arrived. If measurement time has arrived,
the power manager 330, at step 1050, acquires the range
measurements, updates the navigation solution and goes to
step 1055. If the measured time cannot be obtained, the power
manager 330 also goes to step 1055 to determine whether the
ratio measurement is ready. If the ratio measurement is ready,
the power manager 330, at step 1060, updates the RTC/TCXO
ratio and goes to step 1070. If the ratio is not ready, the power
manager 330 also goes to 1070 to read the data from the
temperature recorder circuit 310.

At step 1075, the power manager 330 determines whether
to calibrate various GPS parameters and values. If so, the
power manager 330, at step 1080, for example, updates the
RTC time from the GPS time, calibrates the TCXO at current
temperature from GPS frequency, calibrates the RTC fre-
quency at current temperature from TCXO frequency and
ratio, and updates the position. If the power manager 330
determines not to calibrate the various GPS parameters and
values, the power manager 330, at step 1085, determines
whether the process is done, having collected the relevant
navigation data from the tracked satellites. If the process is
not done, then the power manager 330 repeats steps 1035
through 1085. If the process is determined to be complete, the
power manager 330, at step 1090, saves the ephemeris data
collected and then goes to step 750 of FIG. 7.

Step 640 is the highest power consumption path among
steps 650, 660 and 670. Step 640 is generally used when the
navigation device 115 is forced to collect ephemeris data
from one or more satellites. This can occur, for example,
twice per hour with a wake time of slightly more than 18
seconds each time. The reason for the wake time is that the
ephemeris data from satellites is transmitted, for example, in
three (3) sub-frames of six (6) seconds each for a total time of
18 seconds. In some systems, step 640 can be used as infre-
quently as every few hours when the so-called extended
ephemeris algorithm is being used.

When operating in step 640, it should be noted that while
collecting data from satellites, the power manager 330 can
also, at no significant additional cost in power, update the
current position and time from GPS measurements by execut-
ing the GPS navigation algorithm at step 1050. In addition,
based on the GPS solution, the power manager 330 can then
update the TCXO frequency, RTC frequency and RTC time
with highest accuracy of all the methods enumerated, based
on an accurate GPS navigation solution.

Note that if the navigation device 115 loses the ability to
track the satellites for which to collect the ephemeris data, the
power manager 330 can abort the wake cycle at step 1040
rather than waste power uselessly. In fact, step 640 is gener-
ally attempted if the power manager 330 has executed step
650 and that the navigation device 115 has already detected
sufficiently strong GPS signals during step 650 to provide a
high probability of success will be available to collect ephem-
eris data from those satellites.

The systems and methods disclosed herein can be imple-
mented in software, hardware, or a combination thereof. In
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some embodiments, the system and/or method is imple-
mented in software that is stored in a memory and that is
executed by a suitable microprocessor (UP) situated in a com-
puting device. However, the systems and methods can be
embodied in any computer-readable medium for use by or in
connection with an instruction execution system, apparatus,
or device. Such instruction execution systems include any
computer-based system, processor-containing system, or
other system that can fetch and execute the instructions from
the instruction execution system. In the context of this dis-
closure, a “computer-readable medium” can be any means
that can contain, store, communicate, propagate, or transport
the program for use by, or in connection with, the instruction
execution system. The computer readable medium can be, for
example, but not limited to, a system or propagation medium
that is based on electronic, magnetic, optical, electromag-
netic, infrared, or semiconductor technology.

Specific examples of a computer-readable medium using
electronic technology would include (but are not limited to)
the following: an electrical connection (electronic) having
one or more wires; a random access memory (RAM); a read-
only memory (ROM); an erasable programmable read-only
memory (EPROM or Flash memory). A specific example
using magnetic technology includes (but is not limited to) a
portable computer diskette. Specific examples using optical
technology include (but are not limited to) optical fiber and
compact disc read-only memory (CD-ROM).

Note that the computer-readable medium could even be
paper or another suitable medium on which the program is
printed. Using such a medium, the program can be electroni-
cally captured (using, for instance, optical scanning of the
paper or other medium), compiled, interpreted or otherwise
processed in a suitable manner, and then stored in a computer
memory. In addition, the scope of the certain embodiments of
the present disclosure includes embodying the functionality
of the preferred embodiments of the present disclosure in
logic embodied in hardware or software-configured medi-
ums.

It should be noted that any process descriptions or blocks in
flowcharts should be understood as representing modules,
segments, or portions of code which include one or more
executable instructions for implementing specific logical
functions or steps in the process. As would be understood by
those of ordinary skill in the art of the software development,
alternate embodiments are also included within the scope of
the disclosure. In these alternate embodiments, functions may
be executed out of order from that shown or discussed, includ-
ing substantially concurrently or in reverse order, depending
on the functionality involved.

This description has been presented for purposes of illus-
tration and description. It is not intended to be exhaustive or
to limit the disclosure to the precise forms disclosed. Obvious
modifications or variations are possible in light of the above
teachings. The embodiments discussed, however, were cho-
sen to illustrate the principles of the disclosure, and its prac-
tical application. The disclosure is thus intended to enable one
of ordinary skill in the art to use the disclosure, in various
embodiments and with various modifications, as are suited to
the particular use contemplated. All such modifications and
variation are within the scope of this disclosure, as deter-
mined by the appended claims when interpreted in accor-
dance with the breadth to which they are fairly and legally
entitled.
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Therefore, having thus described the disclosure, at least the
following is claimed:

1. A receiver, comprising:

a time reference device configured to generate a clock
signal associated with a Global Positioning System
(GPS) system time;

atemperature recorder circuit, coupled to receive the clock
signal from the time reference device, and configured to:

monitor the temperature of the time reference device while
the receiver hibernates; and

generate a wake-up signal based on the monitored tem-
perature of the time reference device while the receiver
hibernates; and

a power manager configured to:

wake up the receiver based on the wake-up signal indicat-
ing a change in the monitored temperature while the
receiver hibernates;

read the monitored temperature from the temperature
recorder circuit; and

adjust at least one member of the group consisting of a
parameter of the time reference device, a parameter of a
frequency reference device, and a parameter of the tem-
perature recorder circuit.

2. The receiver of claim 1, wherein the power manager is
further configured to determine whether to operate the
receiver in a mode that is based on at least one member of the
group consisting of power consumption based on GPS signal
continuous capture, power consumption based on GPS signal
snapshot capture, power consumption based on a frequency
versus temperature calibration table, and power consumption
based on recorded counter time tagged temperatures.

3. The receiver of claim 2, wherein the power manager is
further configured to:

update an estimate of timing uncertainty of the clock signal
generated by time of the time reference device;

determine the next mode based on the updated estimate of
timing uncertainty;

set a wake criteria for temperature and time;

set a temperature recorder First In, First-Out (FIFO) fill
alarm level; and

set an alarm time of the time reference device.

4. The receiver of claim 3, wherein the power manager is
further configured to obtain a time interval of the time refer-
ence device from temperature recorder time tags and to cor-
rect the time of the time reference device using start/end
temperatures of interval.

5. The receiver of claim 3, wherein the power manager is
further configured to begin ratio measurement between the
time reference device and the frequency reference device and
to use a model associated with the frequency reference device
at a current temperature to obtain the frequency of the fre-
quency reference device.

6. The receiver of claim 5, wherein the power manager is
further configured to:

wait to finish the ratio measurement;

use the ratio measurement and the obtained frequency of
the frequency reference device to estimate the a fre-
quency of the time reference device; and

use frequencies of the time reference device there that were
previously and currently obtained to correct elapsed
time of the time reference device.

7. The receiver of claim 6, wherein the power manager is
further configured to use the current frequency of the time
reference device and the current temperature to update a
frequency versus temperature model associated with the time
reference device.
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8. The receiver of claim 6, wherein the power manager is
further configured to:

begin the GPS signal snapshot capture;

use the obtained frequency of the frequency reference

device and corrected time of the time reference device to
set up GPS satellite searches;

wait to finish the GPS signal snapshot capture;

perform the GPS satellite search and process GPS mea-

surements; and determine the number of GPS measure-
ments.

9. The receiver of claim 8, wherein the power manager is
further configured to solve for determine the GPS system time
based the number of GPS measurements being greater than
zero and an unusable position dilution of precision (PDOP).

10. The receiver of claim 8, wherein the power manager is
further configured to solve for determine the GPS system time
and a GPS position and to save the GPS system time and GPS
position updates based on the number of GPS measurements
having usable PDOP.

11. The receiver of claim 10, wherein the power manager is
further configured to:

use a GPS navigation solution time to correct the time of

the time reference device;

use a GPS navigation solution frequency to correct the

frequency of the frequency reference device;
use the frequency of the frequency reference device to
correct the frequency of the time reference device; and

update frequency models associated with the time refer-
ence device and the frequency reference device at the
current temperature.

12. The receiver of claim 5, wherein the power manager is
further configured to:

begin the GPS signal continuous capture;

start a GPS acquisition and tracking; and

determine whether the correct time to begin collecting

relevant GPS navigation data has arrived.

13. The receiver of claim 12, wherein the power manager is
further configured to:

determine a track status of satellites for collecting the rel-

evant GPS navigation data based on an arrival of the
correct time to collect the relevant GPS navigation data;
and

determine if a satellite range measurement time has arrived

based on the track status being usable.

14. The receiver of claim 13, wherein the power manager is
further configured to acquire the satellite range measure-
ments, to update a navigation solution, and to determine
whether the ratio measurement is ready based on an arrival of
the satellite range measurement time.

15. The receiver of claim 14, wherein the power manager is
further configured to update the ratio measurement, read the
data from the temperature recorder circuit, and determine
whether to calibrate various GPS parameters and values
based on the ratio measurement being ready.

16. The receiver of claim 15, wherein the power manager is
further configured, based on a determination to calibrate the
various GPS parameters and values, to:

update the time of the time reference device from the GPS

system time;

calibrate the frequency reference device at the current tem-

perature from the GPS frequency;

calibrate a frequency of the time reference device at the

current temperature from the frequency of'the frequency
reference device and the ratio measurement;

update a GPS position; and

save collected ephemeris data.
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17. A computing device comprising:

a receiver,

a temperature recorder circuit configured to generate a
wake-up signal based on a monitored temperature of a
time reference device while the receiver hibernates;

a processing device; and

a memory configured to store instructions that, when
executed by the processing device, causes the comput-
ing device to:

wake up the receiver based on the wake-up signal indicat-
ing a change in the monitored temperature while the
receiver hibernates;

read the monitored temperature from the temperature
recorder circuit; and

adjust at least one member of the group consisting of a
parameter of the a time reference device, a parameter of
a frequency reference device, and a parameter of the
temperature recorder circuit.

18. The computing device of claim 17, wherein execution
of'the instructions causes the computing device to operate the
receiver in a mode that is based on at least one member of the
group consisting of power consumption based on Global
Positioning System (GPS) continuous capture, power con-
sumption based on GPS signal snapshot capture, power con-
sumption based on a frequency versus temperature calibra-
tion table, and power consumption based on recorded counter
time tagged temperatures.
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19. A method of operating a receiver, comprising:

generating, using a time reference device, a clock signal
associated with a Global Positioning System (GPS) sys-
tem time using a time reference device;

monitoring the temperature of the time reference device
while the receiver hibernates;

generating a wake-up signal based on the monitored tem-
perature of the time reference device while the receiver
hibernates;

waking up the receiver based on the wake-up signal indi-
cating a change in the monitored temperature while the
receiver hibernates;

reading the monitored temperature; and

adjusting at least one member of the group consisting of a
parameter of the time reference device, a parameter of a
frequency reference device, and a parameter of a tem-
perature recorder circuit configured to monitor the tem-
perature of the time reference device.

20. The method of claim 19, further comprising:

determining whether to operate the receiver in a mode that
is based on at least one member of the group consisting
of power consumption based on GPS signal continuous
capture, power consumption based on GPS signal snap-
shot capture, power consumption based on a frequency
versus temperature calibration table, and power con-
sumption based on recorded counter time tagged tem-
peratures.



